Abstract-Substrate Integrated waveguide based 6-element array of Planar Inverted F antenna (PIFA) has been proposed and analyzed parametrically. The antenna is fed with coupled transverse slots on a plate laminated waveguide cavity to ensure wide bandwidth and simplicity of feeding network. The two-layer structure has one layer dedicated for feeding network and the other layer dedicated for radiating elements. A good return loss and standing wave ratio of 2:1 has been achieved while maintaining properties of typical PIFA.
INTRODUCTION
The increased demand of compact and high bandwidth antennas since last decade has forced researcher to move towards higher band of frequencies. In this regard PIFA can be considered as a good candidate at lower microwave frequencies due to its reduced size, low profile and higher radiating efficiency. However at higher bands of frequencies radiating efficiency of PIFA is degraded due to feeding pin used to excite PIFA [1] leading to structural deformities and excess losses.
In past few years various feeding techniques have been proposed and analyzed to increase the radiating efficiency of PIFA. In order to obtain wider bandwidth, PIFA has been fed by an open-ended coplanar waveguide [2] . An aperture coupled PIFA excited through microstrip transmission line has been proposed by [3] . . Some antenna designers have used capacitive plate to feed radiating element in order to achieve higher impedance bandwidth [4] [5] .
In this paper a novel feeding technique has been proposed based on the idea of feeding the radiating elements via transverse slots in a waveguide cavity as discussed in [6] [7] [8] . As a result, a six element PIFA with conformal feeding network has been designed and analyzed to demonstrate their use in design of complex and large phased array radars and multielement beam forming antenna systems by using Substrate Integrated Waveguide SIW or plate-laminated waveguides that has low leakage losses at higher frequencies.
II.
ANTENNA PHYSICAL CONFIGURATION Three-dimensional view of proposed design is given in Fig. 1 . Design consists of two layers which are discussed separately. Substrate material used for both layers is FR-4 epoxy with relative permittivity of 4.4, dielectric loss tangent of 0.02 and thickness of 1.60 mm. 
A. Layer-1
The top view of layer-1 is given in Fig. 2 . A cavity using the SIW structure at Layer-1 has been formed, the six optimized transverse slots present at a calculated displacement act as power coupling structure to PIFA elements on top layer. Dimensions of slots are given in Table. 1. The transition between laminated waveguide and microstrip transmission line is designed by using (1) as given in [9] .
B. Layer-2
The layer-2 is composed of six PIFA elements, the dimensions and spacing of elements is shown in Fig. 3 . Radiating patch has dimensions of 20×15 mm 2 with shorting plate of 20 mm 2 . Separation between each PIFA element along x-axis and y-axis is 33.5% λ and 12.9% λ respectively. III.
RESULTS AND DISCUSSION
Impedance matching is controlled by changing position of slots along x-axis. A good return loss of 40 dB is achieved while maintaining properties of conventional PIFA as shown in Fig. 4 . Fig. 5 gives the parametric analysis of changing the length of cavity (L2 dimension in Fig. 2 ). It has been analyzed from Fig. 5 that the return loss improves as cavity dimension along x-axis is increased.
The optimum return loss performance is achieved when the cavity length is set to 58 mm. The 2-D radiation pattern plots in all three planes are shown in Fig. 6 . 
IV. CONCLUSION
A novel feeding technique has been proposed and analyzed while maintaining properties of conventional PIFA. The proposed design offers advantages of being easy to design, low losses and most importantly reduced complexity. Especially when it comes to designing a feeding network for large antenna arrays the proposed feeding using transverse slot coupling offers optimum performance without surplus complexity in the design.
